Aims The purpose of this study was to estimate the duration of treatment necessary for sequential acanthamoeba laboratory tests from corneal scrapings to become negative, and to assess predictors that affect this duration period. Methods We included all patients with at least one positive acanthamoeba culture or Giemsa stain at the F.I. Proctor Foundation Microbiology Laboratory from 1996 to 2009. A parametric survival analysis was performed among patients with repeat cultures to assess significant predictors for extended clearance time. Simulations were performed to estimate clearance time in the entire patient population, assuming imperfect sensitivity. Results Thirty-seven patients with laboratory evidence of acanthamoeba had testing at 69 time points. The median clearance time among eyes with repeat cultures was 42.5 days (interquartile range (IQR) 22.0-82.0 days; unadjusted parametric model). Initial visual acuity was the only predictor significantly associated with clearance time in univariate analyses (Po0.0001). Using initial visual acuity as a predictor for clearance time among the entire patient population, the estimated clearance time decreased to 38.7 days (95% confidence interval (CI) 27.9-53.5 days). When the imperfect sensitivity of the culture technique was also taken into account, the estimated clearance time was 44.1 days (95% CI 31.9-61.0 days). Conclusion The duration of infection with acanthamoeba keratitis undergoing treatment has not been well characterized. In this report we estimate a median clearance time of approximately 6 weeks, with an IQR of 22-82 days.
Introduction
Acanthamoeba keratitis is difficult to treat, with minimal compelling evidence to guide decisions. 1, 2 Factors associated with poor outcome include delay in diagnosis, corticosteroid use before diagnosis, stromal involvement, ring infiltrate, and poor visual acuity at presentation. [3] [4] [5] [6] [7] Treatment duration and follow-up are generally long, lasting till months. The persistence of corneal infection after initiation of appropriate therapy has not been well characterized. The purpose of this study is to estimate the time to microbiological cure in a treated patient population in which sequential cultures were available, and to assess predictors that may affect this time, including initial visual acuity, age, duration of symptoms before presentation, gender, corticosteroid use before presentation, and stromal involvement.
Materials and methods
The F.I. Proctor Foundation Microbiology Laboratory has extensive experience in detecting evidence of acanthamoeba using culture and smear. Most samples come from the clinics of the F.I. Proctor Foundation and University of California, San Francisco, but the laboratory also receives specimens from community ophthalmologists. For this study, we included all patients from the F.I. Proctor Foundation microbiology laboratory database who had at least one corneal Giemsa stain or were culture positive for acanthamoeba between July 1996 and September 2009. Patients with a clinical diagnosis but negative smears and cultures were not included. Neither confocal microscopy nor culture/smear of contact lens cases had a role in diagnosis for this study. Non-nutrient agar plates with Escherichia coli overlay were used as the culture medium for acanthamoeba; growth was detected from the observation of motile trophozoites under microscopy. Giemsa stains were defined as positive when characteristic cysts consistent with acanthamoeba were observed. [8] [9] [10] All cultures and stains were performed by an experienced microbiologist. Microbiological studies (stains and cultures) were obtained for all corneal ulcers in which infection with acanthamoeba was suspected. Following a positive acanthamoeba culture/stain and initiation of treatment, follow-up microbiological studies were obtained at the discretion of the physician, generally in the case of clinical suspicion of persistent infection or to confirm there was no longer active infection. Thus, the schedule of repeat cultures was not standardized. The medical records of each patient were reviewed to assess history and clinical signs from presentation to 6 months. Institutional review board approval was obtained from the UCSF Committee on Human Research.
Characteristics of individuals who had repeat cultures for acanthamoeba were compared with those of individuals without repeat cultures. Dichotomous variables (gender, occurrence of penetrating keratoplasty) were compared using Fisher's exact test. Continuous variables (logMAR visual acuity at baseline and at approximately 6 months from presentation, duration of symptoms before diagnosis) were compared using the Wilcoxon rank-sum test.
Weibull regression with interval censoring 11, 12 was used to estimate the time to microbiological cure for ocular acanthamoebal infection, using the following univariate predictors: age, gender, steroids on presentation, duration of symptoms, visual acuity, and stromal involvement (as a binary indicator). Cases whose last culture remained positive were treated as rightcensored. This analysis was necessarily restricted to those patients in whom multiple cultures or smears were performed. The univariate regression using visual acuity as a covariate yielded an estimate of the entire probability distribution of clearance times for patients with any given visual acuity (and so on for each of the other univariate models). We determined which univariate predictors were statistically significant following Holm correction for multiple comparisons, and used these statistically significant univariate predictors in the subsequent analysis.
We applied the estimated Weibull clearance time distribution for any significant univariate predictors to the entire population (both patients who had multiple cultures, and those who did not). To do this, we estimated the distribution of the univariate predictor for the entire patient population and integrated the Weibull clearance time distribution conditional on this estimated distribution. Finally, given this overall modeled distribution of clearance times, the median (and quantiles) were estimated by determining the value of the clearance time for which the cumulative distribution function (given the estimated parameters) equaled 0.5 (or the appropriate quantile). Approximate standard errors were computed using the delta method. 13 We computed the survival curve by assuming a uniform distribution of true recovery times within the period between the last known positive test and the following negative test. For display, we integrated over the recovery time distribution (assumed to be uniform within the interval).
14 At each point in time, we estimated the 95% confidence interval (CI) by non-parametric bootstrap. 15 In addition, we conducted Weibull regression based on an assumption that the test sensitivity was o1, using adjusting for any significant univariate predictors from the original model (see Appendix for a detailed explanation of methods). All analyses were conducted with R version 2.12 (The R Foundation for Statistical Computing, www.r-project.org, Vienna, Austria).
Results
There were 37 patients with laboratory-confirmed acanthamoeba keratitis diagnosed at the F.I. Proctor Foundation microbiology laboratory from July 1996 to September 2009, with laboratory testing at 69 time points. 16 We had access to the medical records for 32 (86%) of these patients. Laboratory testing was repeated in 15 patients, with 8 patients receiving 1 repeat culture, 4 patients receiving 2 repeat cultures, and 1 patient each receiving 4, 5, and 7 repeat cultures. Patients received repeated culture because they were not improving (N ¼ 7, 47%) or because the treating physician wanted to reduce medications because of toxicity or resolving disease (N ¼ 8, 53%). Of the 15 patients with repeated cultures, 10 had a subsequent culture negative for acanthamoeba. Of these patients, six (60%) showed signs of healing within 1 month after negative culture, including reepithelialization, reduced inflammation, and symptomatic improvement. Three patients were not improving by 1 month after the negative culture, and 1 patient was lost to follow-up. Of five patients that required penetrating keratoplasty, three were performed at our institutionFnone of which showed acanthamoeba on pathology. Of the 15 eyes with more than one culture, 11 eyes (73%) received combination therapy with propamidine and either polyhexamethylene biguanide or chlorhexidine, 5 of which also received itraconazole or fluconazole. Four eyes (27%) were treated with polyhexamethylene biguanide or chlorhexidine as monotherapy. Two of the 15 patients (13%) were on anti-acanthamoebal drugs at presentation; one was on polyhexamethylene biguanide as monotherapy and one received combination therapy with polyhexamethylene biguanide and propamidine. We found no evidence that patients with repeated cultures had differing initial visual acuity than patients without repeated cultures (P ¼ 0.37, Wilcoxon rank-sum test), although the final visual acuity was worse in patients with repeated cultures (Po0.001, Wilcoxon rank-sum test). We found no evidence that duration of symptoms before diagnosis differed between the two groups (P ¼ 0.66, Wilcoxon rank-sum test). Penetrating keratoplasty was more frequent among patients with repeat cultures (P ¼ 0.01, Fisher test; Table 1 ).
Clinical characteristics

Predictors
In univariate Weibull regression, initial best-corrected visual acuity (BCVA) was the only predictor tested that was significantly associated with microbial clearance time (relative clearance time ¼ 1.10 per Snellen line (0.1 logMAR), Po0.0001; Table 2 ). No evidence was found that gender (P ¼ 0.29), age (P ¼ 0.92), the use of corticosteroid eye drops at presentation (P ¼ 0.23), or stromal involvement (P ¼ 0.58) was associated with clearance time.
Clearance time estimates
When clearance time was modeled for the 15 eyes that had repeat cultures using a survival analysis adjusted for initial visual acuity, the estimated median time to microbial clearance was 42.5 days (95% CI 22.0-82.0 days), with estimated interquartile range (IQR) of 25.5 days (95% CI 19.5-33.3 days) to 88.5 days (95% CI 21.4-365.7 days; Figure 1 ). When this model was performed for the entire patient population (n ¼ 32 eyes), the estimated median clearance time decreased to 38.7 days (95% CI 27.9-53.5 days). When we accounted for the imperfect sensitivity of culture and smear techniques for acanthamoeba diagnosis (assuming 83% sensitivity based on a previous study), 17 the sensitivity of acanthamoeba culture and smear techniques was even lower (eg, sensitivity ¼ 60%), the estimated clearance time increased to 52.7 days (95% CI 38.2-72.7 days). Still lower sensitivities would result in even longer estimations of the duration of infection.
Discussion
In a series of patients with laboratory-proven acanthamoeba infection and a subsequent corneal swabbing performed, the median microbial clearance time was 6-7 weeks in our unadjusted model, with an IQR of approximately 4-12 weeks. Better initial visual acuity was significantly associated with shorter microbial clearance times. The use of corticosteroids before presentation and stromal involvement appeared to lengthen the duration of infection, though these associations did not reach statistical significance. The long duration of corneal infection in this study is consistent with other reports. A previous study noted viable acanthamoeba organisms as long as 23 months after initial presentation in a severe case, non-responsive to anti-acanthamoebal therapy. 18 Treatment durations have been reported to last approximately 13 weeks; however, to our knowledge, median duration of active infection has never been characterized. 19 In our patient population, the IQR of clearance times was 22-82 days (approximately 4 to 12 weeks), indicating that by 13 weeks of treatment, at least 75% of our patients would have cleared their infection.
We recognize that the median microbial clearance time from the unadjusted survival analysis is likely biased, as patients with worse disease would be more likely to have been recultured. Indeed, the patients recultured in our series had worse 6-month visual acuity than those patients not recultured and were more likely to require a penetrating keratoplasty. Therefore, we created a model to predict clearance time, given significant predictive factors as determined by univariate analyses, and used this model for all cases, whether they had been cultured more than once or not. This resulted in a decreased clearance time estimate of approximately 5-6 weeks for the single and repeat culture groups combined. However, these results should be interpreted with caution, as they were derived from a specific model of clearance time. An unbiased estimate of clearance time would require that all patients with acanthamoeba keratitis be cultured at regular intervals, regardless of disease severity. In the absence of these data, we have attempted instead to account for the inherent biases in the data using statistical methods.
The sensitivity of acanthamoeba culture and smear are unknown, but even the combination of the two tests is almost certainly imperfect. 17 In addition, initiation of anti-acanthamoebal therapy could reduce the sensitivity of culture and smear, as topical therapy might clear superficial infection but not deeper infection. In other words, some repeat cultures were likely false negatives, leading to an underestimate of the median clearance time. We estimated the clearance time, assuming that a portion of our repeat cultures had been misclassified as negative. This model found a slight increase in clearance time. The true-negative predictive value and sensitivity of culture and smear in our facility is unknown, hence, if the actual sensitivity of the test were lower than our assumed value of 83%, 17 the expected clearance time would be longer. In a sensitivity analysis to address this possibility, we found that if the sensitivity of smear and culture was reduced to 60%, the clearance time increased by approximately 10 days. If the actual sensitivity of smear and culture were o60%, the clearance time estimates would increase more; in fact, if the sensitivity of culture were in reality as low as 10%, as has been claimed in reports using confocal as a gold standard, 1 then our method would be unable to estimate a clearance time. However, it should be noted that culture-negative cases diagnosed with confocal clear, on average, quicker than culture-positive cases.
1 Future studies could examine the expected clearing time of cysts on confocal.
A weakness of culture and smear as diagnostic techniques for acanthamoeba is that they may not identify stromal cysts too deep to be collected by swabbing. Confocal microscopy might be able to identify many more cases of acanthamoeba keratitis than are identified by culture and smear. 1 The analysis did not include diagnoses made with confocal microscopy, a technique, which in theory allows the identification of deeper stromal cysts, and could increase the overall sensitivity to detect acanthamoebal infection, and potentially extend the estimated clearance time. 7, 17, 20, 21 This study should be repeated with confocal microscopy to determine if the clearance time estimates change with different diagnostic techniques. Identification of acanthamoeba infection might also depend on the quantity of organisms, which we did not take into account in our statistical analyses.
Worse initial BCVA was significantly associated with longer clearance times in a univariate model. In this model, each Snellen line (0.1 logMAR) corresponds to approximately a 10% increase in clearance time. Patients who present with worse BCVA likely have been infected for longer and have more severe disease than those who have better initial BCVA, and may therefore require more time to clear the infection. In a prediction model, patients with excellent vision at baseline (20/20) had shorter clearance times than patients with worse vision at baseline.
The prior use of topical corticosteroids appeared to lengthen the time until acanthamoebal clearance, though this association was not statistically significant. Our observation is nevertheless consistent with other reports, which have shown that use of topical corticosteroids before acanthamoeba diagnosis and treatment may lengthen the duration of infection. 7, 22, 23 We also found that eyes with stromal involvement at presentation seemed to have longer microbial clearance times compared with those without stromal involvement, though this too lacked statistical significance. This finding is consistent with previous studies that have shown an association between deep stromal keratitis and worse disease outcomes. 3, 7 In this report, we estimate that the median clearance time of acanthamoeba from corneas treated with standard anti-acanthamoebal medications is 42.5 days (IQR 22-82 days). This indicates that 50% of our cases cleared between 4 and 12 weeks, though clearly the duration of treatment should be tailored for each individual case. Decreased visual acuity at presentation was significantly associated with a prolonged duration until microbial clearance. The duration of acanthamoebal infection was longer in those treated with topical corticosteroids compared with those who were not, though this association was not significant. This study provides evidence supporting the use of extended treatment protocols, especially for those presenting with decreased vision. The median clearance time found in this study is shorter than treatment durations typically reported in the literature. 19 Note that this estimate is of the median, and that 50% of cases would be longer than 42 days. Because of this, it would be prudent to give antimicrobial therapy for longer than the median clearance time. As clearance is apparently correlated with severity, treatment duration may be tailored according to the response of each individual patient. Limitations of this study include a small sample size, and that there was likely a bias in our estimates. However, we attempted to correct for bias due to case selection or misclassification error. A larger, prospective study could be carried out to confirm the findings of this study, and might include confocal microscopy to allow identification of stromal infection with a sterile surface. In addition to clinical healing time and visual acuity, time to microbiological cure could be considered as an outcome for future clinical trials of antiparasitic agents.
